After lifting Zantedeschia tubers in autumn severe losses of tubers occur during storage and the subsequent growing season caused by soft rot (Erwinia carotovora) and calcification of tubers. In this study the effects of post-harvest drying conditions and storage temperature were investigated. After lifting early November tubers were dried at 17°C without air circulation, with moderate air circulation and with strong air circulation. After one week tubers were placed at different temperatures (9, 13, 17, 20°C) for storage with moderate air circulation during the rest of the storage period until planting in April.
INTRODUCTION
There is a worldwide increase in the production of Zantedeschia Spreng. tubers. The tubers are used for cut flower and pot plant production and for planting in gardens. The production in The Netherlands was well over 100 ha in 2003. With the increase of production there is also an increase in the loss of tubers during storage and subsequent growing as a consequence of bacterial rot, caused by Erwinia carotovora, and calcification of tubers.
In South Africa, where Zantedeschia is native, it grows in the summer rainfall areas. In the dry cool winter tubers go dormant. In The Netherlands tubers are planted in spring and lifted just before the winter because Zantedeschia does not tolerate frost. The harvest takes place during cool and wet conditions.
In this study the effect of drying tubers during the first week after lifting and storage temperature during the rest of the storage period until planting in April on the occurrence of bacterial rot and calcification were investigated.
MATERIALS AND METHODS
During three years tubers of Zantedeschia 'Mango', Zantedeschia 'Treasure' and Zantedeschia albomaculata were lifted in the period between 15 October and 7 November. After lifting, wet and sandy tubers were dried under three conditions during one week at 17°C. They were placed in a closed box with no air circulation (air speed 0 m s -1 , no drying), in an open box with moderate air circulation (air speed 0.2 m s -1 ) and in a box with strong air circulation (air speed 2.0 m s -1 ). The moderate air circulation is often used for storage of bulbs in general and the strong air circulation is often used for drying of harvested bulbs in The Netherlands. After this one week drying, tubers were transferred to 4 temperatures (9, 13, 17 or 20°C) with moderate air circulation until planting in April. In December the tubers were cleaned. Tubers were planted in the open field in April and lifted in November to determine tuber yield in the subsequent year. Fresh weight was measured at lifting, after one week drying, before cleaning, after cleaning, before planting and after cleaning in the second year.
RESULTS
The relative humidity during the one week drying after harvest varied from 50 to 70% for the objects with moderate and strong air circulation. For the tubers with no air circulation the humidity was nearly 100% (results not shown).
In one of the three experiments tubers with bacterial soft rot caused by Erwinia carotovora were found after one week drying. No drying during one week after lifting caused more rot than drying with moderate or strong air circulation (Fig. 1) . When not dried, more rot occurred in 'Mango' and 'Treasure' compared to Zantedeschia albomaculata. Over the whole storage period from lifting until planting both drying conditions in the first week and storage temperature during the rest of the storage period had an effect on loss of tubers by bacterial rot or calcification in all three experiments (Table 1) . Most tubers were lost by not drying during the first week compared to drying with moderate or strong air circulation. Storage at 9°C caused a higher loss of tubers than storage at higher temperatures. Most tubers were lost because of calcification although sometimes at the start of the calcification bacterial rot was observed.
The humidity during storage was not controlled but registered. In Table 2 the relative humidity and vapour pressure deficit is presented as an average per temperature over the period from harvest until planting in April. The average relative humidity was lower and the vapour pressure deficit was higher with increasing temperature. The conditions at 9°C were similar to those at 13°C.
In the first week after lifting the decrease in weight increased with increasing air circulation (Table 3) . At the end of the storage period there was still a significant effect of the drying conditions during one week after lifting the tubers on the loss of weight. When the tubers were planted in April, the tubers dried with no air circulation had lost more weight than the tubers dried with moderate or strong air circulation (Table 3) .
Storage temperature also had a significant effect on the loss of weight. In the period from harvest until planting storage at 9°C resulted in the highest loss of weight (Table 4) . Tubers stored at 20°C had a lower weight loss than tubers stored at 13°C. In the period from cleaning the tubers in December until planting the loss of weight increased with decreasing temperature (Table 4) .
In the growing season after storage a low percentage of tubers emerged after storage at 9°C. Tuber storage at 9°C resulted in the lowest percentage harvested tubers (Fig. 2) . In two years there was no difference in percentage harvested tubers stored at 13, 17 or 20°C. In one year, storage at 13°C resulted in a lower percentage harvested tubers than storage at 17 or 20°C. The total harvest weight of the tubers stored at 9°C was always lower than the harvest weight of tubers stored at higher temperatures. For 'Treasure' and Zantedeschia albomaculata the total yield increased with increasing storage temperature. For 'Mango' there was no difference in total harvest weight between storage at 13, 17 or 20°C.
DISCUSSION
This study clearly shows that drying wet harvested tubers during the first week after harvest with moderate or strong air circulation at 17°C is necessary to prevent bacterial soft rot compared to not drying. Loss of tubers by soft rot caused by not drying occurs sometimes immediately during the first week, or in the subsequent storage. Tubers that were not dried after lifting lost little weight during that week but in the six weeks thereafter until cleaning the total loss of weight of tubers dried with no or strong air circulation was the same. In the 4 months storage from cleaning in December until planting in April the loss of weight increased with decreasing temperature. Especially tubers stored at 9°C lost much weight, which is unexpected when the relative humidity or vapour pressure deficit is regarded. On the basis of the humidity it was expected that desiccation would increase with increasing temperature. According to Funnell et al. (1987) a curing treatment of one week at 20 to 30°C at high relative humidity (i.e. 80% or greater) after lifting tubers is necessary to form suberin and wound periderm. The authors further suggested that storage at 80% humidity reduced the loss of weight by calcification. In this study excessive loss of weight was found when tubers were not dried during the first week after lifting and subsequently stored at 9°C and to a smaller extent when stored at 13°C. It is suggested that drying or storage at temperatures higher than 13°C during several weeks are necessary to form a protective skin on the tuber that reduces transpiration. No calcification was found after storage at 17 and 20°C although the relative humidity was much lower than 80%. 
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